Abstract-Phylogenetic relationships among the seven genera of the Hypopterygiaceae, represented by 14 of the 21 species recognized in the family, were reconstructed based on variation in nucleotide sequences of six nuclear, mitochondrial, and plastid loci. Monophyly of the Hypopterygiaceae is strongly supported, whereas the genera Cyathophorum and Dendrohypopterygium are unambiguously polyphyletic. Cyathophorum bulbosum and C. adiantum make up a lineage sister to the remainder of the family. A lineage comprising four monotypic genera (Arbusculohypopterygium, Canalohypopterygium, Catharomnion, and Dendrocyathophorum) is sister to Lopidium plus a heterogenous clade that includes Dendrohypopterygium, Hypopterygium, Cyathophorum hookerianum, and C. parvifolium. The later two species are transferred to Hypopterygium as H. hookerianum and H. parvifolium. The Hypopterygiaceae are distinguished from their sister family, the Hookeriaceae, by their anisophylly, and by a border of two or more differentiated cells on lateral leaves, although this character also occurs in some Hookeriaceae and has been lost at least twice in the Hypopterygiaceae. Intermediate cells in the axillary hairs arose early in the evolution of the family but are lacking in the two species of Cyathophorum that form a sister group to the remainder of the Hypopterygiaceae.
The Hypopterygiaceae are a small family of predominantly southern hemisphere pleurocarpous mosses that occur in humid temperate and tropical forests, where they grow on a variety of substrates including soil banks, tree bases, logs, and rocks. The handsome gametophytes of these plants are unusually charismatic because of robust, erect stems that in many species are branched in a regularly pinnate fashion. These frondose or dendroid stems, which may reach five or more centimeters in height, are determinate in growth and arise from creeping stolons (Kruijer 2002 ). The basal "stipe" has small or rudimentary leaves while the distal branches have relatively large showy leaves that are generally arranged in three distinct rows (tristichous phylotaxy) and may be dimorphic (two lateral rows of larger and one ventral row of smaller leaves). Species of Cyathophorum have unbranched stems but the distal leaves are arranged in two lateral rows with a ventral row of smaller "amphigastria," as in more highly branched Hypopterygiaceae. In addition to a strikingly attractive "Bauplan," the Hypopterygiaceae are characterized by other unusual morphological features, including axial cavities that occur in the cortex or central strands of stolons, stems, and/or branches (Kruijer 2002) . These cavities are sometimes filled with apolar hydrocarbons of unknown function (Pelser et al. 2002) . Patterns of morphological variation, coupled with a broad predominantly southern hemisphere geographic distribution that includes southern South America, Africa, Asia, Oceania, Australia, and New Caledonia east to Polynesia, makes the Hypopterygiaceae an intriguing target for phylogenetic analyses.
Most authors have included the Hypopterygiaceae in the Hookeriales (e.g. Brotherus 1925; Miller 1971; Crosby 1974) , whereas Buck and Vitt (1986) transferred it into the Bryales. A year later, Buck (1987) dismembered the family and moved Cyathophorum and Cyathophorella back to the Hookeriales, keeping the rest of the Hypopterygiaceae in the Bryales. Buck and Goffinet (2000) kept four genera in the Hypopterygiaceae sensu stricto, but moved Cyathophorum, Cyathophorella, and Dendrocyathophorum into the Hookeriaceae, maintaining both families in the Hookeriales. In their most recent classification, Goffinet and Buck (2004) kept the Hypopterygiaceae in the Hookeriales, and also included Arbusculohypopterygium, Canalohypopterygium, Catharomnion, Cyathophorella, Cyathophorum, Dendrocyathophorum, Dendrohypopterygium, Hypopterygium, and Lopidium. Most recently, Buck et al. (2005) resolved the Hypopterygiaceae, including Cyathophorum, Cyathophorella, and Dendrocyathophorum, as a monophyletic group sister to the rest of the Hookeriales based on sequences from four nuclear, mitochondrial, and chloroplast loci. Kruijer (2002) placed Cyathophorella in synonymy of Cyathophorum, which we follow here.
The Hypopterygiaceae were monographed by Kruijer (2002) , who recognized seven genera and 21 species. He presented a phylogenetic hypothesis for the family based on 57 morphological characters. Kruijer and Blöcher (2007) recently described phylogenetic analyses based on combined data from two plastid loci (rps4, trnL-trnF), nuclear ribosomal ITS2, and morphology. Inferences from morphology alone were congruent with those presented by Kruijer (2002) , whereas those from molecular data resulted in novel phylogenetic hypotheses. Combining data sets resulted in a topology similar to that obtained based on sequence data only, but with relationships better supported. Hence, they concluded that many of the traditional morphological characters used in Hypopterygiaceae classification are homoplasious, and that the evolution of morphology within the family is more complex than proposed by Kruijer (2002) . DNA sequence data have been used to investigate relationships of the Hypopterygiaceae among pleurocarpous mosses (Blöcher and Capesius 2002) , relationships among certain species and genera within the family (Stech et al. , 2002 , and biogeographic patterns in species that occur disjunctively on different continents Pfeiffer et al. 2000) . Stech et al. (2002) showed that Dendrohypopterygium sensu Kruijer (2002) is polyphyletic and described the new genus, Arbusculohypopterygium. We adopt that nomenclatural revision here, as our results support their conclusions. Otherwise, our taxonomic arrangement of Hypopterygiaceae follows Kruijer (2002) . This paper reports phylogenetic relationships among 14 species (66% of the family sensu Kruijer 2002) representing all eight genera of Hypopterygiaceae (Table 1) . Because the phylogenetic signal of morphological characters conflicts with that of sequence data, the evolutionary history of the family is drawn from variation in sequence data only. We obtained high levels of support for virtually all nodes of the phylogenetic reconstruction based on six loci sampled from all three genomes, and use these robust results to make inferences about morphological evolution and biogeographic patterns.
MATERIALS AND METHODS
Taxon Sampling-The data matrices for phylogenetic analyses included 14 accessions of Hypopterygiaceae plus five outgroup taxa sampled from the sister group to Hypopterygiaceae, the Hookeriaceae (Buck et al. 2005) . All seven of the genera included by Kruijer (2002) in the Hypopterygiaceae are represented, with 66% of the (21) species (Table 1) . Multiple accessions of Hypopterygium tamarisci (6) and Lopidium concinum (7) were included to represent New and Old World portions of their southern hemisphere distributions. Distributional characteristics of each species of Hypopterygiaceae, both sampled and unsampled, are summarized in Table 1 . Collection data, voucher information, and GenBank numbers for all accessions included in the analyses (ingroup and outgroup) are summarized in Appendix 1. The complete data matrix is available in TreeBASE (study number S1810).
Morphological Data-The starting point for our morphological investigations was the data matrix compiled by Kruijer (2002) , who scored 57 characters. Kruijer's (2002) analyses and inferences informed the development of our more restricted matrix of morphological characters. Our data matrix consists of 43 characters for which we concluded that binary, discreet, objectively interpretable states could be unambiguously assigned. Our morphological data are thus not strictly comparable to those of Kruijer (2002) , both because we reduced the number of characters and because we redefined character states as binary. Twenty-two characters describe gametophyte features pertaining to stem anatomy, phyllotaxy, leaf and leaf cell structure, and reproductive features (both sexual and asexual). The remaining 21 characters describe seta and capsule structure, and peristome morphology. The 21 "sporophytic" traits also included two descriptors of calyptrae; these structures are derived from gametophyte cells but are functionally involved in sporophyte development. Morphological characters and character-states are defined in Appendix 2 and the data matrix used for character reconstructions is shown as Appendix 3.
Molecular Methods-Six loci were sequenced in order to reconstruct phylogenetic relationships among species of Hypopterygiaceae (Table 2) . Two (26S rDNA and ITS) represent the nuclear genome, one the mitochondrial genome (nad5), and three the plastid genome (rps4, trnG, and trnL-trnF). Extraction methods, primer sequences, amplification protocols, and sequencing details were provided by Cox et al. (2004) for all loci except trnG. Primer information and PCR details for trnG were provided by Pacak and Szweykowska (2003) .
Phylogenetic Analyses-Sequences were aligned manually for the phylogenetic analyses. Five exemplars of the Hookeriaceae, the sister taxon to the Hypopterygiaceae (Buck et al. 2005) were chosen as outgroups in all analyses (Table 1) . "Fast" bootstrap (Felsenstein 1985) parsimony analyses were conducted with 1,000 replicates on each locus separately in PAUP* 4.0 b10 (Swofford 2002) . No conflicts were identified with Ն 70% bootstrap support, and sequences from the six loci were combined to form a single concatenated matrix. Bootstrap trees can be viewed at http://www.biology.duke.edu/bryology/hypopterygiaceae.html. The combined data set was analyzed under the parsimony criterion using PAUP*, using the following two-step search strategy. First a heuristic search was carried out over 10,000 replicates, using the Tree Bisection Reconnection method (TBR), adding sequences in random order, and saving only one most parsimonious tree per replicate. All trees saved were subsequently swapped to completion and consensus trees of the resulting most parsimonious topologies were constructed. Bootstrap proportions (BP) were estimated from a consensus tree of all trees saved after the following analysis: 100 bootstrap pseudoreplicates with ten random additions of taxa within each pseudoreplicate and branch swapping using the TBR option; at each step, only 100 trees were saved.
Best-fit models of nucleotide substitution were determined for each of the six genomic regions, and for all loci combined, by hierarchical likelihood ratio tests with the aid of MrModeltest 1.1b (Nylander 2002) . Optimal models for each region are listed in Table 2 . Maximum likelihood analyses (Felsenstein 1981) were conducted in PAUP* with 300 random taxon addition replicates, with model parameters set to those determined by MrModeltest. Bayesian inference (Yang and Rannala 1997) was conducted using MrBayes 3 (Huelsenbeck and Ronquist 2002) . Heterogeneous Bayesian analyses were conducted with each genomic region allowed to evolve according to its own model of substitution. Bayesian analyses were conducted with two independent runs, each with 5,000,000 generations, using default, uniform priors. Model parameters, including trees, were sampled every 200 generations. The number of trees needed to reach stationarity (i.e. the "burnin") in the MCMC chain was estimated by visual inspection of the plot of the likelihood score at each sampling point using GnuPlot (Williams and Kelley 1999) . Trees of the burnin for each run were excluded from the tree set, and the remaining trees were combined to form the full sample assumed to be representative of the posterior probability (PP) distribution.
Morphological characters were reconstructed on the single optimal ML tree using Mesquite (Maddison and Maddison 2004) . Characters were optimized using parsimony because missing data precluded the use of likelihood methods.
RESULTS
Phylogenetic Reconstruction-One hundred and forty nine new sequences were generated in the course of this study. The following loci could not be sequenced for certain taxa: 26S rDNA for Cyathophorum parvifolium and Hypopterygium tamarisci from Tanzania; ITS for Cyathophorum bulbosum, C. parvifolium, Dendrohypopterygium filiculaeforme, Hypopterygium discolor, and H. tamarisci from Panama and Tanzania; nad5 for Hypopterygium flavolimbatum, H. tamarisci (Mexico, Panama, Réunion Islands, Tanzania) , Lopidium concinnum (Australia and New Zealand) and L. struthiopteris; and trnL-trnF for Cyathophorum parvifolium. Missing data represent 11.3% of the combined matrix.
Length and nucleotide variation for each locus are summarized in Table 2 . The rps4 gene of the two Lopidium species is characterized by the insertion of one codon (see also Blöcher and Capesius 2002) between codons 27 and 28 of Physcomitrella patens (GenBank accession AP005672).
Seventeen percent of sites included in the combined data matrix are parsimony informative. These data were sufficient to resolve most relationships within the Hypopterygiaceae with a high level of confidence, as inferred by parsimony bootstrap and Bayesian posterior probability levels (Fig. 1) .
The parsimony tree search found 539 trees of 1,063 steps with a CI (Kluge and Farris 1969) excluding parsimony uninformative sites = 0.5957, RI (Farris, 1989) = 0.7948, and RC = 0.5705). The strict consensus of these trees is identical to the consensus tree obtained from the Bayesian inference, and is congruent with the optimal ML tree topology (Fig. 1) . Polytomies in the consensus trees are always restricted to infraspecific relationships.
The Hypopterygiaceae form a strongly supported monophyletic lineage. The genera Cyathophorum and Dendrohypopterygium sensu Kruijer 2002 are resolved as polyphyletic entities. The two species of Dendrohypopterygium are separated by four internodes of variable robustness under parsimony but of higher Bayesian support. The two lineages of Cyathophorum, each comprising two species, are separated by six internodes that are, except for one, well supported. Hypopterygium appears paraphyletic due to the nested position of a lineage comprising C. hookerianum and C. parvifolium. Two other species of Cyathophorum, C. bulbosum and C. adiantum, make up the sister lineage to the rest of the Hypopterygiaceae. Lopidium is well supported as a monophyletic group. A clade that consists of two monotypic genera, Canalohypopterygium and Catharomnion, is sister to Arbusculohypopterygium arbuscula (= Dendrohypopterygium arbuscula sensu Kruijer 2002) plus another monotypic genus, Dendrocyathophorum (Fig. 1) . All four taxa share a deletion of approximately 27 nucleotides in the ITS1 spacer, compared to all other members of the Hypopterygiaceae. The monophyly of this four-taxon clade is also well supported by nucleotide substitutions alone (Fig. 1) . This taxonomically heterogeneous clade is in turn sister to Lopidium plus Dendrohypopterygium filiculaeforme, Hypopterygium, and the two remaining species of Cyathophorum, C. hookerianum and C. parvifolium. The monophyly of this large clade is robust: BP = 88%, and PP = 100. A shared ancestry of D. filiculaeforme and the Hypopterygium complex (Hypopterygium + two species of Cyathophorum) is weakly supported under parsimony (BP = 67%) but strongly supported under Bayesian inference (PP = 100). The Hypopterygium complex is recovered as a monophyletic entity with strong parsimony (BP = 100) and Bayesian (PP = 100) support. All species of this complex share an eightnucleotide insertion in the nad5 locus and an eight-nucleotide deletion in the trnL intron. The two species of Cyathophorum that are nested within Hypopterygium share a unique 13 basepair insertion in the trnG locus.
Lopidium concinnum is resolved as a well supported lineage in both Bayesian (PP = 99) and parsimony (BP = 80) analyses. The three accessions of Lopidium concinnum from Chile are nearly identical and share a deletion of ten nucleotides in the nad5 locus, and a duplication of seven nucleotides in the ITS2. They are sister to three samples from Australia and New Zealand. A single Brazilian accession is of ambiguous affinities to either of these two groups (Fig. 1) . The other species of Lopidium, L. struthiopteris, is sister to these seven accessions of L. concinnum.
Populations of Hypopterygium tamarisci share their common ancestor with H. discolor. Whether H. tamarisci is an exclusive lineage with regard to the later species is ambiguous based on low parsimony and Bayesian support (Fig. 1) . Populations of H. tamarisci exhibit some differentiation between the New and Old Worlds. Accessions from Reunion, Africa, and Indonesia may be sister to a lineage composed of neotropical populations (Fig. 1) . The populations from Indonesia and Tanzania share a three-nucleotide duplication in the trnG locus. The two populations of H. didictyon from Chile and New Zealand are very similar, but differ in six point mutations.
Morphological Character Evolution-Parsimony-based reconstructions of morphological evolution are presented for selected characters as Figs. 2, 3 to illustrate different patterns TABLE 2. Characteristics of individual and combined data partitions. Length of sequences were calculated after trimming the edges of the amplicon; the 26S nrDNA sequence of Hypopterygium flavolimbatum is missing 6 nucleotides, which would bring the length of the region to 1059; rps4 sequences include 5 nucleotides of the rps4-tRNA THR intergenic spacer; the trnL sequence of Arbusculohypopterygium arbuscula is missing 5 nucleotides, which would bring the length of the region to 420. Paraphyses (character 19) are absent in the perigonia of Lopidium concinnum but not L. struthiopteris (Fig. 2) . They are also absent in all sampled Hypopterygium species (sometimes present in H. tamarisci according to Kruijer 2002) , as well as in Cyathophorum hookerianum and C. parvifolium, and were lost independently in Dendrocyathophorum decolyi. Paraphyses absent in the perichaetia (character 20) is a synapomorphy for Hypopterygium plus Cyathophorum hookerianum and C. parvifolium. Paraphyses surrounding the archegonia have been lost independently in D. decolyi. These two species of Cyathophorum also share the absence of axial cavities in the branches (character 8) with Hypopterygium.
The four species of Cyathophorum included in the phylogenetic analyses are clearly distantly related within the broader Hypopterygiaceae (Fig. 1) . They have been classified in one genus because of morphological considerations and so it is not surprising that morphological character reconstructions suggest homoplasy in a number of features (Fig. 3) . On the other hand, Hypopterygium (and Dendrohypopterygium filiculaeforme) is characterized by long setae (character 24) but the two Cyathophorum species that are nested within Hypopte- 
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rygium do not share this morphological trait but rather appear to have reverted to a short-seta condition. DISCUSSION The Hypopterygiaceae have been circumscribed variously in recent classifications. Phylogenetic inferences support the familial concept proposed by Kruijer (2002) and followed by Goffinet and Buck (2004) , whereby the Hypopterygiaceae comprises all seven genera sampled in this study. Our analyses provide strong support for the monophyly of the Hypopterygiaceae, an issue that Kruijer and Blöcher (2007) considered unresolved. Buck et al. (2005) also resolved a monophyletic Hypopterygiaceae. Furthermore, the backbone topology inferred here is congruent with the relationships obtained by Buck et al. (2005) .
Biogeographic patterns in the Hypopterygiaceae, with their largely southern hemisphere distribution, have been the subject of several previous investigations (e.g. Frey et al. 1999; Pfeiffer et al. 2000; Kruijer 2002 ). These authors have assumed that the family is Gondwanic in origin and that all disjunctions, even at the infraspecific level, reflect ancient vicariance events associated with plate tectonics. Thus, Frey et al. (1999) found no evidence of molecular differentiation between populations of Lopidium concinnum in South America and Zealand based on sequences from the trnL cpDNA region, and concluded that nucleotide substitution rates must be extremely low, since the populations (they assumed) have been isolated for some 60-80 million years. Our results suggest that there is some differentiation between Chilean versus Australian and New Zealand populations, 
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and that these population groups may be exclusive. Furthermore, we inferred a Brazilian population of L. concinnum as sister to the Chilean plus Australasian populations, implying that the Australian populations are nested within a paraphyletic South American group. Affinities of the Brazilian population are not strongly supported but our results suggest that paraphyly of the New World populations, with a nested position for the Australasian populations, remains a possibility. If this is the case, the most parsimonious biogeographic interpretation for L. concinnum is that the genus originated in South America, and reached Australia by dispersal. Unfortunately, there is little molecular variation in L. concinnum for the loci that have been sampled to date , and present results) so a robust interpretation of its biogeographic history requires additional data from more highly polymorphic markers. Recent analyses of southern hemisphere biogeographic patterns have most frequently supported scenarios involving intercontinental dispersal rather than hypotheses of ancient vicariance events associated with plate tectonics (Milne 2006) , and our interpretation of L. concinnum is in accord with such views. Our results also indicate that New World populations of Hypopterygium tamarisci form an exclusive lineage that is sister to African-Australasian populations. Since this clade is in turn sister to Cyathophorum species that are found only in Asia, it may be that H. tamarisci dispersed from the Old World to the New World. Any such conclusions are speculative and evaluating alternative hypotheses requires dating of divergences. It is not safe to assume that the distributional ranges of Hypopterygium taxa represent vicariance resulting from plate tectonics, rather than recent dispersal, especially when a lack of molecular differentiation among disjunct populations is consistent with recent long distance movement.
Our analyses are consistent with the hypothesis that Hypopterygiaceae originated in the southern hemisphere. Early diverging clades within the family occur in Australasia with a relatively limited number of taxa in New World tropical to south-temperate regions. We have not formally reconstructed area relationships and New World extinctions could complicate interpretations based on current distributions of extant taxa (a potentially important caveat), but the most parsimonious interpretation of phylogeographic patterns in the family as a whole nevertheless suggest several dispersals between Australasia and South America. The occurrence of Arbusculohypopterygium arbuscula in South America could FIG. 3 . Parsimony-based reconstructions for selected morphological characters of Hypopterygiaceae represent one such relatively early dispersal event. This species belongs to a clade that is otherwise strictly Australiasian. As noted above, individual species of Hypopterygium and Lopidium that are disjunct between the Old and New Worlds may represent relatively recent transcontinental dispersals. Newton et al. (2007) estimated the age of the Hypopterygiaceae at greater than 100 million years, making gondwanic vicariance a possibility, especially for early diverging lineages. Unfortunately, the accuracy of moss time calibrations for phylogenies are severely limited by the paucity of fossils. Alternative hypotheses to explain disjunctions in the Hypopterygiaceae cannot presently be assessed with confidence.
Relationships among the genera of the Hypopterygiaceae have previously been reconstructed based on analyses of morphological (Kruijer 2002 ) and molecular data Capesius 2002, Stech et al. 2002) . Previous inferences from rps4 sequences failed to resolve a monophyletic Hypopterygiaceae (BP < 50%) but revealed a common ancestry for Canalohypopterygium tamariscinum and Catharomnion ciliatum (BP = 85%), for Cyathophorum bulbosum and C. adiantum (BP = 85%), two species of Hypopterygium (BP = 92%) and of Lopidium (BP = 100%; Blöcher and Capesius 2002) . Relationships among genera within the large heterogenous clade sister to the two Cyathophorum species remained unresolved. Similarly, inferences based on the trnL intron offered support for the sister-group relationship of Canalohypopterygium and Catharomnion (BP = 95%), and that of the two species of Cyathophorum (BP = 81%), for the monophyly of Lopidium struthiopteris (BP = 99%), of L. concinnum (BP = 87%), and their shared ancestry (BP = 80%), for the monophyly of Hypopterygium didictyon (BP = 97%), and of the H. tamarisci complex (BP = 81%), as well as strong support for monophyly of the family. However, relationships among these lineages and the remaining genera, although fully resolved in the most parsimonious tree, lacked support greater than 70% (Stech et al. 2002) . A more taxon-limited data set with concatenated trnL and ITS sequences provided support for a monophyletic Hypopterygium (BP = 94%) as well as a shared ancestry for Dendrocyathophorum decolyi, Arbusculohypopterygium arbuscula and Cyathophorum adiantum (Stech et al. 2002) . Kruijer and Blöcher (2007) combined these data sets, complemented them with morphological characters, and included Cyathophorum hookerianum and C. africanum. Their analyses confirmed the above relationships but support for monophyly of the family was lacking (BP<70%; PP<0.95). Bayesian analyses resolved the affinities of Arbusculohypopterygium, Dendrocyathophorum, Catharomnion, Canalohypopterygium, and Cyathophorum africanum, which form a strongly supported monophyletic lineage (PP = 1.00).
Inferences from multiple loci presented here yielded a phylogenetic hypothesis that is congruent with but consistently more strongly supported than that proposed by Kruijer and Blöcher (2007) . Variation in the six loci provides 100% BP support and 100% posterior probability for monophyly of the family, and high support (either BP > 80% or PP > 0.95, or both) for all generic relationships.
Having included morphological characters to accomplish their phylogenetic reconstructions, Kruijer and Blöcher (2007) assessed morphological evolution in terms of optimizing characters on the combined phylogeny (unlike our approach, where we reconstructed relationships based on molecules and used the result to interpret morphological evolution). Their optimization of morphological characters clearly shows the highly homoplasious nature of most characters. The conflict between morphological and molecular characters is also evidenced by the substantial topological differences between reconstructions based on morphological (Kruijer 2002 ) versus molecular characters (Stech et al. 2002; Buck et al. 2005 ; present results) analyzed separately.
The phylogenetic tree presented here based on variation in six loci confirms some of the relationships proposed by Stech et al. (2002) and Kruijer and Blöcher (2007) but provides strong support for virtually all nodes: bootstrap proportions exceed 85% for all but two branches connecting distinct species or genera, and posterior probabilities are 98 or higher except for the monophyly of the Arbusculohypopterygium and Dencrocyathophorum, for which the PP is 90. Furthermore, broadening of the taxon sampling to include additional taxa of Cyathophorum adds to our understanding of trends in the evolution of morphological characters in the Hypopterygiaceae. Our morphological character-state reconstructions reveal synapomorphies for some clades but corroborate extensive homoplasy in many characters.
The Hypopterygiaceae sensu Kruijer (2002) include three monotypic genera (i.e. Canalohypopterygium, Catharomnion, and Dendrocyathophorum) and four genera with between two and seven species each. Of these, only Lopidium is resolved as a monophyletic entity. The two species of Dendrohypopterygium sensu Kruijer are of distinct phylogenetic origin: D. arbuscula shares a most recent common ancestor with Dendrocyathophorum, whereas D. filiculaeforme is likely to have arisen from an ancestor shared more recently with the Hypopterygium complex. Similar affinities were proposed by Stech et al. (2002) based on inferences from trnL and ITS2 sequences, and led to the establishment of the new genus Arbusculohypopterygium to accommodate D. arbuscula. The relationship of Arbusculohypopterygium to Dendrocyathophorum is strongly supported under parsimony but lacks equivalent support from the Bayesian analysis. However, the polyphyly of Dendrohypopterygium, and hence the segregation of D. arbuscula to a new genus is justified given that this species is isolated from its former congener by two or three robust internodes in the parsimony bootstrap tree or the Bayesian consensus tree, respectively. Thus, the concept proposed by Stech et al. (2002) is fully supported by analyses of additional loci.
Cyathophorum is also unambiguously split in two clades, one of which is nested within Hypopterygium. Cyathophorum sensu Kruijer (2002) is defined by mainly simple, poorly branched stems that are not differentiated into stipes and rachis. Inferences from morphological characters led Kruijer (2002) to hypothesize that a monophyletic Cyathophorum shared a common ancestor with Lopidium, and that it formed a crown group in the evolution of the family. The genus comprises seven species all confined to the Old World. Cyathophorum bulbosum (the type of Cyathophorum) and C. adiantum form a sister group to the remainder of the family, as suggested earlier by Stech et al. (2002) . Cyathophorum tahitense and C. spinosum may also belong to this lineage, as they share with C. bulbosum and C. adiantum multiple morphological synapomorphies (Kruijer 2002) . In contrast, Cyathophorum hookerianum and C. parvifolium are resolved as sister taxa that arose during the diversification of Hypopterygium. Kruijer (2002) had already hypothesized a close relationship between these two species, which are similar and at times difficult to distinguish morphologically. They differ from their conge-ners, except C. africanum, by the cucullate calyptrae. Cyathophorum africanum, a species that is characterized by its monoicy (bisexual gametophytes) and the lack of gemmae, was not sampled here. Kruijer and Blöcher (2007) suggest that this species is most closely related to Dendrohypopterygium decolyi (BP = 98% and PP = 1.00), further underlining the polyphyly of the genus Cyathophorum as defined by morphological characters (Kruijer 2002) .
Cyathophorum hookerianum is the type of Cyathophorella (Broth.) M. Fleisch., a genus formally distinguished from Cyathophorum but considered a synonym of the latter by Kruijer (2002) . Kruijer and Blöcher (2007) declined to make nomenclatural changes with regard to Cyathophorum, arguing that this should await the inclusion of all unsampled species in phylogenetic analyses. A resurrection of Cyathophorella is not justified by our analyses, given that Cyathophorum (Cyathophorella) hookerianum and C. parvifolium are well nested within Hypopterygium. Although a generic distinction of Cyathophorella would highlight the morphological distance that separates it from Hypopterygium, it would obfuscate the phylogenetic origin of this taxon. Although we cannot be certain about the generic affinities of unsampled species of Cyathophorum, it is clear and strongly supported by our data that C. hookerianum and C. parvifolium are nested within Hypopterygium. Hence we propose to transfer the two species from Cyathophorum to Hypopterygium, a move that requires the following nomenclatural changes. The genus Cyathophorella should be considered a synonym of Hypopterygium, not Cyathophorum.
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